Central to the federal response to the 2009 H1N1 influenza pandemic was a vaccination program unprecedented in its size and scope in the United States. The 2009 H1N1 monovalent influenza vaccines were approved by the US Food and Drug Administration (FDA) of the US Department of Health and Human Services (HHS) as a strain change to each manufacturer's seasonal influenza vaccine. There is considerable experience with seasonal influenza vaccine development and production. Influenza vaccines have a long track record of safety and effectiveness in the United States. The 2009 H1N1 monovalent influenza vaccines underwent the same testing and lotrelease procedures that are in place for seasonal influenza vaccines. Consequently, the safety profiles of 2009 H1N1 monovalent influenza vaccines were anticipated to be similar to the excellent safety profile of seasonal influenza vaccines. In addition, the safety of the 2009 H1N1 monovalent influenza vaccines was carefully assessed in multiple clinical trials. The sample sizes of these trials limited the ability to detect rare adverse events. Populations at high risk, such as those with chronic diseases, are sometimes not well represented in clinical studies; however, additional efforts were made for 2009 H1N1 monovalent influenza vaccines to include in clinical trials pregnant women and people with underlying illness such as asthma and HIV infection.
A key component of any immunization program is postlicensure safety monitoring. 1 Such a monitoring system must have the ability to quickly identify and characterize adverse events after vaccination. A vaccine-safety monitoring system should have the capacity to distinguish a potential increased risk of an adverse event caused by the vaccine from events that occur as part of the background incidence of these diseases in temporal association with vaccination. 1 Broad and integrated efforts that monitor vaccine safety after licensure are important for rapidly and effectively defining the safety profile of a vaccine.
The vaccine-safety monitoring process includes 3 primary activities:
1. Signal detection, strengthening, and verification involve detection of medical events after vaccination and an evaluation of whether these adverse events could be occurring more frequently after vaccination than expected by chance alone. For this activity, potential signals are evaluated to assess whether they warrant further investigation. This evaluation includes examining if the reported events were well defined and properly coded, if the events were reported from multiple reporting sources or only by a few, or if there was a pattern of association between vaccination and adverse events (eg, temporal or demographic relationships or subpopulations affected). Efforts are also made to look for unexpected clinical clusters and positive rechallenges (symptoms that reoccur after readministration of vaccine).
2. Assessment of association involves evaluating whether there is an association between vaccination and an adverse event. If an association between the vaccine and the outcome is found, it is important to determine the magnitude of the association and whether potential subpopulations are at increased risk.
3. Assessment of the evidence and causality involves evaluating whether the available science favors acceptance or rejection of a relationship between the vaccine and the adverse event, which often requires population-based active surveillance and formal epidemiologic studies. Causality assessments typically include consideration of the strength or magnitude of the association, consistency, specificity, temporality, biological gradient, biological mechanism, coherence, experimental evidence, and analogy. 2 Before the initiation of the 2009 H1N1 monovalent influenza vaccination program, a number of existing systems addressed these 3 activities of the safety monitoring system. The HHS led an effort to enhance existing systems and integrate new vaccine-safety monitoring systems. These efforts were deemed to be integral to the immunization program given its size and prominence and residual concerns about the 1976 pandemic influenza vaccination program in which the vaccine was associated with GuillainBarré syndrome (GBS). In this article, we discuss the existing systems for monitoring vaccine safety and enhancements that were made to support the 2009 H1N1 influenza vaccination program.
FEDERAL SYSTEMS FOR MONITORING VACCINE SAFETY BEFORE THE 2009 H1N1 MONOVALENT INFLUENZA VACCINES
The US vaccine-safety system is composed of a number of programs managed by federal agencies within the HHS, 
Assessment of Association
The VSD is the primary system for assessing associations between vaccines and adverse events, because it links vaccination status and health outcomes, which provides the infrastructure to rapidly test hypotheses. The VSD is used for a large number of vaccine-safety studies and is widely considered to be the backbone of the US vaccine-safety system. A broad range of study designs are used by the VSD, including cohort, casecontrol, and self-controlled caseseries studies.
The Defense Medical Surveillance System has capabilities similar to those of the VSD and is widely used within the DoD to investigate a broad array of exposures and outcomes that are often unique to the military population.
Additional studies may be conducted, in coordination with state health departments and/or epidemic intelligence service officers, as part of outbreak investigations to evaluate potential vaccine-safety concerns. Because these studies typically investigate rare events, case-control studies can be conducted, such as those examining intussusception after the rotavirus vaccine. A variety of approaches can be used to identify cases for casecontrol studies, including active surveillance systems. 4,9
Assessment of the Evidence and Causality
In 2001, the CDC established the Clinical Immunization Safety Assessment (CISA) Network. Centers in the CISA Network investigate the pathophysiologic mechanisms and biological risks of vaccine adverse events, which are important considerations for causality assessment. These centers conduct in-depth immunologic, pathologic, and genetic assessments to elucidate underlying mechanisms of vaccine adverse events. In addition to contributing to the body of evidence needed for causality assessments, the CISA Network assists clinicians in evaluating and managing the conditions of people with possible vaccine adverse reactions.
For independent expert review of the evidence for causality of particular vaccines and adverse events, the US government has periodically relied on independent, nongovernmental review through the Institute of Medicine (IOM) of the National Academies. The IOM conducted its first report on vaccine safety in 1977 and has subsequently published 6 adverse-event reviews. These reviews cover a range of adverse events such as encephalopathy, GBS, and sudden infant death syndrome. Reviewers consider potential biological mechanisms, epidemiologic and clinical data, the burden of the adverse event, the burden of the vaccinepreventable disease, and salience to the public. The IOM is currently conducting a comprehensive review of the epidemiologic, clinical, and biological evidence regarding adverse health events associated with specific vaccines covered by the National Vaccine Injury Compensation Program. Table 1 .
ENHANCING THE VACCINE-SAFETY MONITORING SYSTEM TO SUPPORT THE 2009 H1N1 MONOVALENT INFLUENZA VACCINE PROGRAM
A prioritized list of potential adverse events, along with plausible time windows for their occurrence to be related to the vaccine, was developed on the basis of epidemiologic associations with current or past vaccines or on biological plausibility (see Appendix). These prespecified outcomes were investigated by using rapid surveillance methodologies (RCA) in the VSD, Defense Medical Surveillance System, and other systems described below. For example, background rates were calculated for GBS and other potential neurologic illnesses of the central nervous system (such as acute disseminated encephalomyelitis, encephalitis, myelitis, and optic neuritis) for comparison to rates after vaccination. 14 
Assessment of Association
Several systems were used to assess an association in addition to the VSD, which historically met this need. The VSD has been a critical element of the vaccine-safety system, especially in assessing associations between vaccines and adverse events. However, the NVAC noted that the capacity of the VSD to meet the needs for monitoring safety during the 2009 H1N1 monovalent influenza vaccine program may be limited for 2 primary reasons. First, despite its large size, the ability of the VSD to rapidly assess emerging issues might not be timely enough, particularly for extremely rare adverse events and events that occur among subpopulations. The CDC implemented populationbased active surveillance at 10 sites around the country that participate in its Emerging Infections Program (EIP) to identify cases of GBS. The catchment population was ϳ45 million people. The primary method for case ascertainment was through a network of neurologists and hospitals. GBS cases captured through this system were reviewed by using standardized case definitions. GBS cases identified and verified through this system were compared with the expected number of GBS cases determined through estimates of vaccine coverage and background rates of GBS available through the literature. The CDC also collaborated with the American Academy of Neurology to educate neurologists about reporting to the VAERS and to enhance GBS case-finding. The CISA Network supported 2009 H1N1 monovalent influenza vaccine-safety monitoring by collecting medical histories and biological samples for prespecified events (including many listed in the Appendix) reported to the VAERS. For example, some vaccine recipients who reported GBS to the VAERS were contacted by CISA Network investigators who requested serum and mucosal swab specimens that could be used for host riskfactor assessment if and when the need arises. Table 2 provides the status of the systems described above in relation to 2009 H1N1 monovalent influenza vaccinesafety monitoring as well as their strengths and limitations for signal strengthening and verification and assessment of association.
Assessing the Evidence
The NVAC H1N1 
